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Abstract

Objective: To compare the efficacy of the innervation zone—targeted injection technique (EUROMUSCULUS/USPRM (Ultrasound Study Group
of the International Society of Physical and Rehabilitation Medicine) spasticity approach) and the injection technique along the muscle length.

Design: A double-blind randomized controlled trial.
Setting: Department of rehabilitation medicine of a medical center.

Participants: One hundred patients with stroke experiencing ankle plantar flexor spasticity.

Interventions: In addition to conventional rehabilitation, eligible patients were randomly assigned to 2 groups. The experimental group was
injected with botulinum toxin along the length of the muscle, whereas the control group was injected with the same dose and volume of botulinum
toxin 25%-35% proximal to the medial head and 20%-30% proximal to the lateral aspect of the head of the gastrocnemius muscle.

Main Outcome Measures: Modified Ashworth scale, modified Tardieu scale, ankle range of motion measurement, and 10-meter walk test were
used before and 1 month after injection.

Results: The study was completed by 60 participants with a mean age of 59.96:12.15 years. Both injection methods were found to be effective on

range of motion, spasticity level, ambulation, and walking speed. There was no statistically significant difference between injection methods.
Conclusions: Both injection methods of botulinum toxin A produce similar clinical effects.
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Numerous types of neurologic disorders, including stroke, multiple
sclerosis, hypoxic brain injury, traumatic brain injury, spinal cord
injury, tumors, and degenerative diseases, may occur with spasticity
as a clinical symptom. Spasticity was defined as “a motor disorder
characterized by a rate-dependent increase in the muscle stretch
reflex, also called myotatic, accompanied by hyperreflexia and
hypertonia due to neural hyperexcitability, with exaggerated move-
ments in the tendons, which is indicative of signs of upper motor
neuron syndrome.”’ In stroke, it is estimated that about 38%-40%
of patients will have some degree of spasticity and 16% will need
treatment.”> This will be different depending on the time elapsed,
ranging from 27% per month to 42.6% in the chronic phase.*

Clinical Trial Registration No.: NCT05615987.
Disclosures: none.

Spasticity may have beneficial effects, such as preventing bone
decalcification, providing muscle tone for standing, providing car-
diovascular benefits, and reducing the likelihood of deep vein
thrombosis, but it may also have effects that require treatment, such
as contractures, pain, abnormal postures (dystonia), restricted mobil-
ity, and increased risk of pressure ulcers.” In the treatment of spas-
ticity, nonpharmacologic patient and caregiver education, stretching,
splint/breys, sometimes serial casts, physical therapy modalities
(ultrasound, thermotherapy, extracorporeal shock wave therapy),
strengthening exercises, neuromuscular electrical stimulation, phar-
macologic oral antispastic agents, local phenol/alcohol and botuli-
num toxin (BoNT) injections and surgical treatments are used.’
BoNT blocks the release of acetylcholine from motor terminals
and therefore action potentials reaching the motor end plate cannot
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cause contraction in the muscle.® It has been reported that apply-
ing the injection to the area where the motor endplates are dense
increases the efficacy.” In the cadaveric study, it was demonstrated
that the motor points of the gastrocnemius and soleus muscles
were located along the length of the muscle.'” In the light of this
information, injection of BoNT along the length of the muscle
(along the motor endplates localization) may be more effective.
The aim of this study was to compare the efficacy of the innerva-
tion zone—targeted injection technique (EUROMUSCULUS/USPRM
(Ultrasound Study Group of the International Society of Physical and
Rehabilitation Medicine) spasticity approach) and the motor end-
plate-targeted technique (injection along the muscle length).

Methods

The study was designed as a randomized double-blind controlled
trial. Approval for the study was obtained from Necmettin Erba-
kan University Meram Faculty of Medicine Clinical Research
Ethics Committee and the Turkish Ministry of Health Pharmaceut-
icals and Medical Devices Agency. Informed consent form was
obtained from the participants.

Participants

The study included 100 outpatients and inpatients between November
2022 and January 2024 who were scheduled for BoNT injection
because of spasticity affecting ankle movements. Participants who
were >18 years of age, who were scheduled for BoNT injection
because of spasticity in the gastrocnemius muscle and who were will-
ing to participate in the study were included in the study. Those with
spasticity in other muscles affecting ankle movements, those using
myorelaxant or myospasm-inducing drugs, those who had BoNT
treatment within the last 3 months, and those with ankle and knee
contractures due to orthopedic reasons were excluded. The partici-
pants were divided into 2 equal groups by block randomization
method. Participants were divided into 10 blocks. The group of the
first participant in the blocks was determined by coin toss method
and then arranged consecutively as the other group (Experimental
group - control group). Randomization was performed by H.Y.

Evaluation parameters

Participants were evaluated with modified Ashworth scale, modi-
fied Tardieu scale, ankle range of motion measurement, and 10-
meter walk test (1I0MWT) before injection and at the first month
after administration when BoNT reached maximum effect.
Assessments were performed by the same investigator blinded to
the treatment modality.

The modified Ashworth scale is a 6-level scale commonly used
for the assessment of spasticity."’

10MWT
Short-distance ground walking speed and ability were assessed
using the 10MWT. Participants were informed about the test.

List of abbreviations:
10MWT 10-meter walk test
BoNT Botulinum neurotoxin
BoNT-A Botulinum neurotoxin type A
HD-sEMG high-density surface electromyography

Participants walked at a comfortable pace on a 10-meter walkway
and were timed. Participants were allowed to use walking aids
and/or ankle-foot orthosis during the test.'>

Modified Tardieu scale

The evaluator first moved the joint as slowly as possible (V1)
through the total range of motion. The angle was measured with a
universal goniometer by another physicist who placed the goniometer
close to the joints and read the values. The full range of motion was
defined as R2. The evaluator then moved the joint as fast as possible
(V3) in the same direction and in the same full arc of motion. The
angle of the muscle reaction (a clear catch or clonus) was measured
with a goniometer and recorded as R1. The difference between R2
and R1 (R2-R1) reflects the dynamic tone component of spasticity.
The greater the spasticity angle, the more spastic the muscle."”

Interventions

In the control group, ultrasonography-guided injection was per-
formed between 25% and 35% proximal to the medial head and
20%-30% proximal to the lateral aspect of the head of the gastroc-
nemius muscle.'* The experimental group was injected along the
length of the muscle under ultrasonography guidance (fig 1). The
same dose and volume (200 IU onabotulinum toxin A, 4 mL) was
used in both groups. All injections were administered by the same
investigator blinded to the treatment group. All participants received
individual rehabilitation for 1 hour a day, 5 days a week for 1
month. No specific rehabilitation protocol was established for the
study. Individual rehabilitation was applied for their disabilities.

No side effects were observed.

In the power analysis based on the modified Ashworth scale
value, it was calculated that the groups should consist of 23 partic-
ipants each for the study to have 80% power."

Statistical analysis

SPSS version 26.0" was used for statistical analysis of the data col-
lected. The Shapiro-Wilk test was used for the normality test. Nor-
mally distributed measurement data are presented as mean £+ SD
and nonnormally distributed data are presented as median (mini-
mum to maximum). In intergroup comparisons, independent sam-
ples t test was used for normally distributed data and Mann-
Whitney U test was used for nonnormally distributed data. In
intragroup comparisons, paired samples 7 test was used for data fit-
ting the normal distribution and Wilcoxon signed-rank test was
used for data not fitting the normal distribution. For statistical sig-
nificance, P<.05 was accepted.

Results

The study was completed by 60 participants (16 women, 44 men)
with a mean age of 59.961+12.15 years. Seventeen participants from
the control group and 16 participants from the experimental group
were excluded from the study because of spasticity in >1 other mus-
cle groups affecting the ankle, and 3 participants from the control
group, and 4 participants from the experimental group were excluded
from the study because they did not follow-up (fig 2). There were no
significant demographic differences between the groups (table 1).
Both injection methods were found to be effective on range
of motion, spasticity level, ambulation, and walking speed.
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A: Experimental group injection localisation, B: Control group injection localisation

Fig1 Injection localization.

There was no statistically significant difference between injection
methods (table 2).

Discussion

In this study in which we compared the efficacy of 2 different
methods of BoNT administration in the treatment of spasticity in
the gastrocnemius muscle after stroke, it was demonstrated that
both methods were effective on range of motion, spasticity level,
ambulation level, and walking speed. It was also demonstrated
that there was no significant difference in efficacy between these 2
injection methods.

BoNT type A (BoNT-A) is the first-line pharmacologic therapy
for the treatment of poststoke focal and multifocal spasticity and
should be part of a rehabilitation program to promote clinical
efficacy.'®!” Although BoNT-A is an established treatment for
focal spasticity, there is little consensus on how to maximize effi-
cacy. Research has focused on individualized approach, injection
technique (storage, dilution, analgesia, injection guidance, conver-
sion ratio) and adjunctive treatment.'® Although end plate and
innervation zone targeting makes theoretical sense, few studies
have so far demonstrated its clinical relevance.

High-volume or endplate-targeted BonNT-A injections have
been reported to provide greater spasticity reduction in biceps
spasticity and improvement in active elbow extension range than

www.archives-pmr.org

low-volume, nontargeted injections.'” In the trapezius muscle,
which is a thinner muscle, it has been determined that the appli-
cation of BoNT-A with intramuscular nerve branching technique
for aesthetic purposes provides more thinning compared with
conventional application.”” In elbow flexor spasticity, the same
dose and volume of BoNT-A administered by motor point target-
ing and intramuscular distribution were found to be similarly
effective.'” It was observed that injection of the same volume
and dose of BoNT-A into the medial 2/10-3/10 of the gastrocne-
mius muscle and into the muscle belly had similar electromyo-
graphic and clinical effects.’’ We found that BoNT-A
applications at the same dose and volume by spreading along the
length of the medial and lateral aspect of the head with 4-point
application to the medial head 25% and 35%, lateral aspect of
the head 20% and 30% of the gastrocnemius muscle under ultra-
sonography guidance had similar effects after 1 month. In the
study conducted with high-density surface electromyography
(HD-sEMG), increasing the injection distance from the endplate
area by 1 cm reduced the effect of BONT-A by 46%.>” It enhan-
ces the efficacy of BoNT in managing spasticity using the 3-
dimensional innervation zone imaging technique based on HD-
sEMG recordings.”® In the study in which we targeted the topo-
graphic location of the innervation zone under Ultrasonography
(USG) guidance, no similar difference in effect was detected.
Although targeting the motor endplate is theoretically thought
to increase the effect considering the BoNT-A mechanism of
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Enrollment (n=100)

Randomization (n=100)

Experimentation (n=50)

¢ Exclusion criteria (n=16)

Control  (n=150)

¢ Exclusion criteria (n=17)

¢Lost to follow-up (n=4)

Analysed (n = 30)

¢Lost to follow-up (n=3)

Analysed (n = 30)

Fig2 CONSORT flow diagram of the study.

Table 1 Demographic characteristics of the participants.

Experimentation Control

Characteristic (n=30) (n=30) P

Age (y), mean % SD 61.63 + 10.66  58.3 + 13.45 .292*
BMI (kg/m?), mean £ SD 27.58 £5.01  27.27 £3.07 .774*
Female sex (%) 23.33 30 J771*
Duration of disease (mo) 12 (3 132) 16 (472) .6831

Abbreviation: BMI, body mass index.
* Independent samples t test.
f Mann-Whitney U test.

action, it has not yet been supported by studies. This contradiction
between theoretical knowledge and clinical practice may be attrib-
uted to the fact that both injection methods are inadequate to reach
the endplates, BONT-A has a similar effect on the endplates in
both methods with its 5 cm spread potential, and BoNT-A produ-
ces functional results with its retrograde long-distance effects in
the central nervous system.>*>

Our study showed that BoNT-A injection along the length of
the muscle produced similar effects in parallel with the studies
showing that BoNT-A applied at different points produced similar
effects in gastrocnemius spasticity.”*’ Given that the location of
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Table 2 In-group and intergroup comparisons.
Experimentation  Control Between-Group
Variable (n=30) (n=30) Analysis (P)
ROM
TO 46.3+11.31 46.6+11.36
T1 56.63+7.3 55.86+10.58
t —9.14 —5.22
P*  <.001 <.001
TO-T1  1.841.42 —2.26%1.41 .3481
MAS
TO 2.6+£0.62 2.5+0.68
T1 1.534+0.68 1.640.72
t 8.44 7.44
P*  <.001 <.001
TO-T1 1.06+0.69 —0.91+0.66 3441
MTS
TO 2.56+0.72 2.4610.89
T1 1.6+0.72 1.66+0.84
t 7.37 6.13
P* <.001 <.001
TO-T1 0.96+0.71 0.840.71 3711
Delta
TO 9.73+4.96 12.2346.31
T1 5.76+3.32 6.96+3.38
t 5.93 5.38
P*  <.001 <.001
TO-T1 3.66+3.66 —5.26+5.35 2771
FAS
TO 3.73+1.43 3.53+1.3
T1 4.26+1.25 3.93£1.33
t —4.64 —4.39
P*  <.001 <.001
TO-T1  —0.5340.62 —0.410.49 .366'
10MWT
T0 37.07 (9.14-120)  41.65 (10.77-146)
T1 30.27 (8.63-106) 37.11 (9.1-149)
t —4.26 —3.79
P' <.001 <.001
T0-T1 —1.36+2.8 —1.543.7 .819!

Abbreviations: 10MWT, 10-meter walk test; Delta, dynamic tone com-
ponent of spasticity; FAS, functional ambulation scale; MAS, modified
Ashworth scale; MTS, modified Tardieu scale; ROM, range of motion.
Statistically significant values are indicated in bold.

* Paired samples t test.

f Independent samples t test.

# Wilcoxon signed-rank test.

the application does not change the effectiveness, it may be more
effective to direct the studies to issues such as dose and concentra-
tion in order to increase the effectiveness.

Study limitations

The results of the study should be interpreted with some limita-
tions in mind. Most importantly, HD-sEMG was not used to
determine the end plate and innervation zone. The lack of electro-
myographic methods in the evaluation of spasticity is also a limi-
tation. An important element of the study is the first use of the
muscle length injection method, which targets the distribution of
nerve endings along the muscle length, which has been demon-
strated in cadaveric studies.

www.archives-pmr.org

Conclusions

In poststroke gastrocnemius spasticity, injection of BoNT along
the length of the muscle and the innervation zone—targeted
injection technique produces similar clinical effects.

Suppliers
a. SPSS, version 26.0; IBM Corp.
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